
t 

' PY 

8 



FO REWORD 

T h i s  i s  t h e  final s t u d y  repor t  cove r ing  t h e  work accomplisiied frcm 

14 Flay 1965 t o  15 October  1965 by E l e c t r o O p t i c a l  Syste-is,  Tnc . , f o r  

the j e t  l+opuis ion Laboratory under  C o n t r a c t  :%o. 95i i .52 .  

and s c i e ; i t i - t s  th roughout  EOS r.ade c o n t r i b u t i o n s  t c  t?iis stu::. ai:d t!ie 

p r i n c i p a l  c t - n t r i b u t c r s  are Lc’entified z t  t’ie beyir,nincr of e , - L i  ; 

Also ,  se-:ernl re5erc::ces ar. ,  t c < i L i i L L G l  b \  iirce-, .ere u - e  cis rt ‘ 
a n i  bacLgrrun2 i n f o r .  s t L L n .  I;’httsc a r e  i d i a ~ r i i e d  a: ihc -nt 5 cbLri\ 

s e c t i o n .  

Enqir:eers 

:;r. R .  Goring p r o v l J e 3  t e A n i c a 1  d i r e c t i o r ,  o r  t:,e prodrarr  icr tide 

J e  t P r op u 1 s i o n  La bo r c7 t cry . 
TI e study r q j o r t  i s  d iv ided  i n t o  f o u r  v r l i imcs .  

9btl-r i n a i  (1  i 



I 

This r e p o r t  c o n t a i n s  a c a t a l o g  of r e p r e s e n t a t i v e  a n c i l l a r y  e s p e r i -  
g e n t s  of a s c i e n t i f i c  and e n g i n e e r i n g  n a t u r e  s u i t a b l e  € o r  i n c l u s i o n  OR 

e x p e r i a e n t a l  s p a c e L r a f t  desiKner! by S e n e r a l  E l e c t r i c  Cor?pai?y ucder  JE'L 
C o n t r a c t  No. 950852. T1.e e:-;.erIr.e:?t ca t a l cy .  i s  divic;e.j i n t o  tiit :,p?rJ- 
p r i z t e  s c i e n t  i f  i c  d i s c  rp l i i i e  s and en& i n e e r  i n i z  t e L  hnc.1 e s  * -2ie stuz:; 
inclui :es  c c n s i d e r F t i o n  cf t1;e -~is ;s ion and s p a c e c r a f t  tt r b  f * - ' L t l ' * r  

t h e  s e l e c t i c n  of e>-;er e n t q .  C o n s i d e r s t i a n  i s  a l s o  
t i i i c  r , e rL t ,  t i l e  p r a c t  a 1  e r  t ,  c o c p a t i b i l i t : ,  i ~ n d  - 9 ~  I r e  i n  
t h e  , e f e s t l o n  of ti e erTer e :  t s  :c : - ta ' i  e i  i n  t!&e ' i t a l c - .  1 e - e  < c +  - 
s i d e r 3 t i o n s ,  a s  i,e:l a s  z! e ex: eri-Ter:tal 5-p: i e c r a f t  c m s t r a  - t ~  a r e  xsc? 
t o  Levelop represerTtat:-..e exi;lerL. e c t  7 , y l o d s  f c \ r  t h r e e  d i f 4  e r e l i t  s F e z -  - 
f i e 2  c i s s i o n s .  Ti e (:et 111s o f  t l e  e s p e r i n e n t  payloads anc! ::.e Fi:ter;a:e 
scith t h e  v a r i c u s  spsLeLrr:  t s t i b ~ y ~ t e - 5  a r e  2 r s - u s s e d  art6 sir71 ar izei : .  
TLe r e s u l t s  of th i s  stuc'y i n d i c a t e  t i . a t  t h e  X'L e x ~ e r i i . e i , t ~ l  s p a c e c r a f t  
o f f e r s  a i l e x i b l e  "bus" and r r iss ion ccncept  on which xany s c i e c t i f i c  and 
e n g i n e e r i n g  e x p e r i F e n t s  can  be conducted .  
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1. I::TT,O3UCTI@G 

T1,e pr i r .a ry  c b j e i t i v e s  of t h e  s t u d y  prr.;ram Zescr ibed  ic t h i s  rep.r t  

were to p r e p a r e  a surur,,ary c a t a l o g  of e x p e r i r e n t s  cf a s c i e n t i f i c  and 

en .? i rcer ing  n' tlire f o r  an ex1 e r ; '  e i t t n l  f l i & t  veliic l e  and t o  cie-:elop 

re?reLe::t: ti..-e e v ? e r i r e :  t a l  pa l  l ~ ) . a d s  f o r  t h r e e  spec i f ' e 3  i i i  ssions u s i n s  

ttie , e i i e ra t ed  ex1 e r i i - e n t  c n t a l o g  and  t l  e 3I'L expe r  e n t a l  spaLe r a f t  

c t n s t r a i i i t s .  

T!,e s c u - y  p l a n  t o  acco: p l r d i  t:.e-e c b ; e i t i -  e s  s t x t e  1 i < I t l i  'sii-ilri? 

t:ie rissicms frs; t ire poili t  of vlew of s c i e n t i f  ii and en ; ineer in  L e x p e r i  - 
r e n t e r  L>teres t ,  t h e n  s p a c e L r c , f t  i i - t e r f a c e s  and c o n s t r a i n t s  Irere ,:eCLrTe2 

f o r  tl'c exFerI-e:-tq.  Eased  on t h i s  p r s l i r i w r y  in fc r : : a t ion ,  a l i s t  of 

s c i e a t i F i c  and e: igineer in  - exper i r ten ts  was ?re;-aare I. T h i s  p r e l i n i n n r y  

l 5 s t  was e v a l u a t e d  a g a i n s t  s e l e c t i o n  c r i t e r i a  and reduced. t o  3 t o t a l  of 

66 e x p e r i r e n t s ,  cor:posec! of 33 s c i e n t i f i c  e x p e r k e n t s  and 3 3  e i ig iceer in ;  I 

exper i r ie rLts .  T h i s  f i n a l  l i s t  of  e x p r i r i e n t s  \?as expanded i n  t l ,e  fcrr- ctf I 

L e t a i l e d  m i t e u p s  irit. a s h o r t  c a t a l o g .  
I 

Tlie r e s i L l t s  cf t h e  e x p r i  eiit c E t a f i c ;  r n i  s r a - e c r a f t  c c x s t r z i i i t s  

I e r r  t l  eii usec! t c  ectabLFs1i t l  e represe:: t . i t  ',e ex1 eri:. ,ent p a y l o a d s  f:ir I 

ecich of  t i l e  t h r e e  i i s s i c n s  of i n t e r e s t .  

T u r i n g  tlie s t i i Jy ,  L t  b e c x L e  3pparer. t  t h a t  c7 clefin t e  3,eed 5 1  

f o r  an  eqgineer in:  t e c h n o l o ~ - o r i e n t e d  s p a c e - r a f t  s i r - i l a r  t c y  t:te oiie 

s t u d i e J  i n  t h i s  r e p o r t .  :lze s c i e n t i s t  113s t h e  @ G @ ,  CIAO and 0 3  s a t e l -  

l i t e s  a v a i l a b l e  on which t o  perform e x p e r i r e n t s .  The e n g i n e e r  i s  s t i l l  

f a L e d  wi th  t h e  p rob le?  of 1 1  space proven" hardware and r;t ttie p r e s e n t  ti7.e 

h a s  l i t t l e  o p p o r t u n i t y  t o  "space prove" ne:; c o n c e p t s .  

f l e x i b l e  " b u s f 1  c o n c e g t ,  the engizeer raould have a r:eclranisi? t o  v e r i f y  

liard:.are o p e r a t i o n  

I : i t t ,  a hi,;hly 

1.1 G r c u n d  ? u l e s  

*The  r , a jo r  ground r u l e s  f o r  this s t u d y  z r e  sun, l-rizec! LIS f i .11 - - 5 :  
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1. Three b a s i c  t y p e s  cf o r b i t s  were s p e ~ i f i e ; :  

a .  I l i s s i o n  A - one thousand (la(!< j ;;a. t i c 2 1  ?,%It i -' i- 

sun s >mch r on c?u s 

b .  X i s s i o n  R - t\:o !itinbred (2i!G) n a u t i c a l  m i l e  peri;T,ee and 

t x e n t y - f i v e  thpusand (25,''OO) n a u t i c a l  n i l e  e l l i p t i c 2 1  

o r b i t  of h i g h  l ight- to-shadow r a t i o  

c .  X i s s i o n  C - c i r c u l a r  o r b i t  325 n a u t i c a l  m i l e s  

T1,e o r b i t s  a r e  def ined  i n  more J e t a i l  i n  S u b s e c t i o n  1 . 2 .  

2 .  The e>tFeri:-:erital s p a c e c r a i t  c o n f i g u r a t i o n  i s  s p e c i f i e d  i n  ct e 

f i n a l  r e p v r t  on JTL C o n t r a c t  K O .  950852, d a t e d  1 Play 1 9 ( ~ 5 .  

The s p a c e L r a f t  w i l l  be  a s  s p e c i f i e d  i n  t1.e JPL/SE  r c ; w r t  7 ~ i C ' -  

no c : o d i f i c a t l o n .  T!,e s p e c i f i e d  spacecraf t /esper ine : i t  i n t e r -  

f a c e s  a r e  d e f i n e d  i n  i iore d e t a i l  i n  Subsec t ion  1 . 3 .  A con- 

c e p t u a l  s k e t c h  of the  s p a c e c r a f t  i s  i l l u s t r a t e d  i n  F i g .  1. 

J. Ti,e e x p e r i n e n t s  a r e  based on presei7t s t a t e - o f - t i : e - a r t  capa-  

b i l i t i e s .  Th'l,ere a s p e c i f i c  ins t rument  is n o t  a v a i l a b l e ,  

s t a t e - o f - t h e - a r t  technology was u s e d .  

-. The s e l e c t e d  experirier7ts shculd  prcvide  infor7 ia t ion  of i n t e r e s t  

t o  tlie s c i e n t i f i c  and e n g i n e e r i n g  c o m x n i t y .  
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2. CMfdCTERISTICS OF ORBITS APTXI ?lISSIOKS 

Three  r i s s i o n s  a r e  defiIieci <1nd a r e  des ign3 ted  a s  Missions A ,  P I  and 

C .  T h e i r  pr imary c h a r a c t e r i s t i c s  a r e  s u m n r i z e d  in  Tab le  I .  A n l a j o r  

d i f f e r e n - e  between t1:e s e l e c t e 3  x i s s i o n s  is the c r b i t ,  c o n c e p t u a l l y  

i 11: - t r a t e i  i n  F i g .  2 .  Sa; e TLncr s p a c e c r a f t  ccr pcnea t  changes a r e  

nade for t1.e d i f f r r e i  t n i s s i c n s ,  b u t  tl!e b a s i c  s;:a-e r a f t  i s  t'.e sa-!e 

and i: v e r s i m  cf  tl e i n y r \ v e - i  -1elta launch vei i ic le  i s  used  i n  a l l  t :Lree  

c3se:.  . The s o l a r - t l  e r  i o n i c  er;;ierirLert cies;;n ( 7 r i -  z r y  t.x;>eri e: t )  i s  

l . : e n t i c a l  fGr each of tlie i , i s sLor is .  The ~ e c r n d a r y  e>;,eri; eiits inc lu-k , l  

en boar2  t h e  s p a i e t r a f t  w i l l  vary >et,.:een n i s s i u n s  because  of t l  e d i f -  

iereiit o r b i t s  e:- ploye:. T h e  J?L les ign o f f e r s  t h e  advantage  of a l l c ~ i ~ g  

t h e  d i f f e r e n t  nissLoiis t c  be flown w:th t h e  s a r e  b ~ s i c  s p a c e c r a f t ,  ti,us 

i n c r e a s i n g  t h e  program f l e x i b i l i t y  and reduc ing  t h e  c o s t  i f  more t h a n  one 

of  t h e  r . i s s ions  is  imder t aken .  

Tile c h a r a c t e r l . - t l , s  of t1.e v a r i o u s  o r b i t s  a r e  shown i n  F i g .  2 nrid 

s w r a r l z e c !  i n  Tab le  11. 
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3 . Cl€AfLK’IZKISTIC S OF EX EXPEi<T?E::TAL SPACECRAFT 

T1:e b a s i c  J P L  e x p e r i y e i - t a l  s p i c e c r a f t  F s  shown i n  F i g .  3 with  a l l  

t h e  secondary e x p e r i n e n t s  re7.: -;ed. T h i s  s a r e  b a s i c  s p a c e c r a f t  2 e s i g n  

i s  used f o r  ? f i s s ions  A ,  B ,  and C wi th  p i n o r  cor’ponent chmges  r e q u i r e d  

het7:een rnissici:s . 
The b a s i c  sy-ste . c o n s i s t s  of t u o  p a r t s ,  t h e  e u p e r i r e n t s  and t!!e 

s p a c e L r a f t .  The sp<3cei_ra i t  c o n s i s t s  of a s t r u c t t l r r  t3 suppor t  2nd p r l  t o c t  

t h e  e x p e r i - e n t s  and c t l  e r  z s s e  bl:es, pn a t t - t u i e  s t n b i l i z a t i o c  su l  syste , 
poi.er, d a t a  hand l ln - . ,  c o  unic t i o n s ,  and t l . e r r a l  c n n t r c l  s u b s y s t e  I S  f T r  

Lerviciii:: t h e  e::peri: e n t s  . T1.e vei:;ht of  tile spaLe: rs f t  i s  apprml -# ; . t e iy  

243 t o  2SO pounds,  and i t  i s  Cesigiieti t o  acconriodate about  38 pcunds o f  

pr i r la ry  e x p e r i m n t s  and a p p r o s i n a t e  l y  85 pounds of secondary t : .cper l - -ents ,  

-ak ing  a t o t a l  s p a c e c r a f t  weizht  of akcu t  3 G C  t o  400 pounds. The r e s u l t -  

i n -  1;ei;:ht t o t a l s  a r e :  

Trft.31 s y s t e r  ~ : e i , ; h t ,  X i s s i o n  A - 360 pounds 

T o t a l  sys te -  b e i  , l i t ,  : i i s s iLm B - 373 pounds 

T c t a l  sys t e :  - , e l  ,1 t ,  I : i s s ion  C - -;w pcunds 
.r 
10 r a x i . - i z t ‘  ttle cx;~er- i  e n t  ::ei -h t  c a p a b i l i t  -e? for t!,e v a r i t \ u s  rTlss icns  

and Launch v e h i c l e  c a p a b i l i t i c s ,  s o r e  subsys te r .  I e i g h t s  have been rodi- 

f i e 2  f o r  s p e c i f i c  p i s s i c n s .  T1 e d i f f e r e n c e s  i n  t‘:e t L ) t a l  s p a c e c r a f t  

r.-eii,hts r e s u l t  p r i r a r i l b -  fron a d i f f e r e n c e  in tlie ‘ t t t i t u d e  c o n t r o l  and 

pover subsys t en  we igh t s .  The r e r a i n i n g  s u b s y s t e m  and experirLeTits 1:eigh 

a p p r o x i n a t e l y  t h e  same f o r  a l l  t h r e e  n i s s i o n s .  

i n c r e a s e s  f ro= X i s s i o n s  A through C because  t h e  l i g h t  -to-shac?or; r a t i  o 

b e c o r e s  pro :ressLvell; worse.  

r e s u i t s  i n  a secnndar? b a t t e r y  v e i q h t  which f o r  > f i s s ions  I3 and C i s  “bre  

thiiii t7:Fce t h i t  f o r  :‘issFcn A ,  The a t t i t u r ? e  ccr:trc:l Si&sj-ste: , eLi;lit i s  

appr  x i ;  a t e l y  t e n  pounds h ighe r  f o r  ?:%ssion C tilai. f o r  ? : i ss ians  I ind L 7  

because  of t h e  a d d i t r o n a l  gas  r e q u i r e d  f o r  ttie pr:eu-Jtic s y s t e  . T h e  

The power subsyster :  v e i g h t  

The u n f m n r a b l e  l i g h t - t o - s h a l o t -  r a t  
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h i g h e r  g a s  require-Ie:?t occu r s  5eiPuse t h e  l o ~  a l t i t u c e  of t'!,e :;ission .L 

o r b i t  r e s u l t s  i n  s i g n i f i c a n t l y  h i g h e r  ; r ;vi ty  Gradien t  d i s t u r b a n c e  

t r r q u e s .  

A comtcn esper i r lcn t  on boar< t k e  s p a c e c r a f t  i s  a s o l a r  t b e r r  Fonlcs  

exper i r ,e i? t ,  b u t  t? e c a p a b i l i t i e s  of t h e  d 2 t a  h a n d l i n g ,  pct:er, a t t L t u d e  

c o n t r o l ,  and tliericil s u b s p t e r  s a l l o w  g r e a t  f l e x i b i l i t y  i n  a c c o m o d a t  In; 

secondary  ex?eri r ,er , ts .  The s p a c e c r a f t  d e s i g n  i s  such t h a t  i t  p r e s e n t s  n 

wel l - t ' e f ined  s e t  of i n t e r f a c e s  tr t1,e experi. e n t s .  

'Zit s p a c e c r a f t  i les ign can  be use<: repez te . I ly ,  w i t h  o n l y  .i.inor nod i -  

f i c a t i a i s ,  f o r  d i f f e r e n t  c twb ina t ions  cf e q e r i  e n t s .  5c e of t h e  Cdva:i- 

t~ e -  of  u s i n g  a b a s i c  s p a L e L r - i t  rdiich can  acccr=.odate a v - r ' e t y  of  

1. L a r l e  n u r b e r s  of d i r e c t l y  and i n d F r e c t l y  r e l a t e d  exreri- e x t s  

can  be ?er f . l r -e r l  con,.urrentl.]; t o  s t u d y  t h e  c o r r e l s t i o n s  be-  

tweeii s e v e r a l  phenonena a t  g iven  p o s i t  i ons  i n  s p a c e .  

The system r e l i a b i l i t y  should  be improved u l t i - a t e l y  by t!,e 

r epen ted  use and cont inuous  improverent  of t h e  b a s i c  space-  

c r a f t .  

2. 

3 .  The  e l e c t r i c a l ,  mechanical ,  and t h e r - a 1  i n t e r f a c e s  bet: eei: 
8 

tLe e x p e r i r c n t s  and s p a i e - r a f t  su>sy\.sterns a r e  \+e Ll-dei L i  

:and will r e r ) a in  e s3e : t i n l ly  f i x e 2  irc r . i s s i o n  t c  7 i z q i i .  . 
T1.e c o n t i n u e d  use  of a s t a n d a r d  s p a c e c r a i t  3es:<Gn siiciu?d 'Lea3 

t o  h i g t i e r  o;?eratLng e f f i c i e n c y  th rcu&h t h e  con t  inudus evt l u -  

4. 

t i o n  of a grvurid d z t , ?  a , q u i s i t i o n  and t r a c k i n g  s t a t i l - n  : i t - a r  

d a t a  pr i lcess ing  e q u i i n e n t  , and ape r r  t i n g  p rocedures .  

A b r i e f  d e s c r i p t i o n  of t h e  a c t u a l  s p a c e c r a f t  c o n f i g u r a t l o n  znSI tile 

rr.3 j o r  subsyste: . .  f e a t u r e s  p e r t i n e n t  t o  t h e  experirxents  i s  d i s c u s s e d  t n  :?.e 

f o l l o w i n g  s e c t i o n s  

s t r a i n t s  on e x p e r i v e n t s  i s  given i n  Tab le  111. 

A swn-ary of t h e  s p a c e c r a f t  r e q u i r e z e n t s  and ccn-  

3 .1  Conf i : ;u ra t ion  

The s p a c e c r a f t  bcdy i s  an  e i sh t - s i l2ed  pr ism vitf: f l .  t e1:d.c. 

The corpor ,ents  a r e  ;;ounted i n  a modulsr f a s h i o n  i n  tlie e i  ; h t  eqlsi): t 7 - t :  

63Gl-Tinal  (I) 1G 



1c. 
I 
E 
E 
I 
1 
I 
I 
I 
, E  
I 

E 
1 
I 
1 
s 
I 

e 

S p i n  Balance - C.015 inc '  c e r i t t  i ; i c  - S i a t f C  

E x p e r i r e n t  T o t a l  lu'eizht - En tc 55 pounds 
. .axirLur- Volurie 

C.OC2 L-adFan - dyriamic 

I* 

n - 1 \  -> a q u i , ) . c n i  30ys 2:: . ~ ' x ~ . - . ' x L  .: ,, - .  c1 
2econd;lry ' a w l s  ?(?l ':d?'xi ' 1  = L L . . l i c  ,: 

Insi: le Eays 5 : ~  t o  3 j o q  
P u t s i d e  Bays -19 C t o  -t-5C'C 

Equip:ient Bays - Standard ' lodule (1G"x6"x18" max . j  
;econdary Panels  - Custom F i t  

4 Say P a n e l s  - sc! 
L Bay P a n e l s  Obscured 
Bottoc; P a n e l s  - 180* 
Secondary P a n e l s  - 180° 
T'oit:, ;e Ranye 

Te . ;.e r a t u r  e 

!*:aunt ing  

F i e l d  cf V i e w  
0 

Power Subsystez 

+27 t o  4-33 v c l t  unreg-ulateti 
High Line  Yoise 
P r o v i d e  own Regula t ion  

T ct a 1 Ex per  imp, t P a - e r  
Day -20 r a t t s  

c OR t i:1uous E zy 

P i t c h  - -f- C.37 deFrees 
~ a t 7  - t Q . C ~  degrees  

P i t c h  - (2.2 d e g r e e s  
yaw - t 0.2 ciegrees 

- 10 degrees /hour  
Gas e x p u l s i o n  l in i i ted  

- 7 v n t t s  
-30 x a t t s  

7 -  
L ,  izli t 

A t t i t u d e  Cont ro l  
Sun Locli 

Gyro Lock 

R o l l  Rate  

Data Handl ing E: Teler ie t ry  
Analog 0 4-5 v o l t s  
D i g i t a l  
S t o r a g e  C a p a c i t y  - Cxperir lents  

Pl iss ion A < 1 C 2 , * ~ ~ ~  b i t s / o r b l t  
>I i ss ion  B < 420,COC b i t s j a r b i t  
p!ission c < 7C,oCC b i t s / o r b i t  

I 
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TABLE 111 ( i o n t d )  

C a m a n d  Subsys ten 
30 on-off c o m a n d s  
For e x p e r i r e n t s  
Recote  sequencing 

Ut-IF RdcRR accuracy 
T r n r k i n o  Svihc--e+n- 

0 -"'"J ULL.'.' - - - - ----- 

-1. 0.1 t7e;ree po:nt:n; 
t 15 r e t e r s  range 

135 I.k 

A . i c L e l  I j L r r p r  
:k&:r,etic Field 2 - 3  gauss 

S c l a  r The =1-i en i c  s .. 

1 2  



t 

t 
I 

I- 

bays ( s e e  Fig. ? ) .  Ba;.s ;tc. 5 and 2 a re  e;r:?u,ively f o r  - e  r: lLqry exper  ' - 
r-ect.,. E x p e r i i ~ ~ . t s  * cun te  i n  tlie-.e tmys , q i l l  b e  p c i . n - e d  i n  a st ;r , i 'ard 

z o d u l e  ~ q ]  icl l  i s  10 inches  wiL:e, 6 inct 'es  &?e;. and a ~ a x i r u r  of l S  incZes 

h i g h .  F c u r  of tile eii,!!t s p n c e i r ? f t  sir'es 1:ai.e cc t i i r e  t l . e rna1  c c r ' t r c l  and. 

a r e  n o t  a v a i l a b l e  f o r  7-cuntin,: c'r vtewing p o r t s  f o r  e x p e r i n e n t s .  The 

re::.aininp, f o u r  s i d e s  a r e  used f o r  ricunt in& t l q e  a t t i t r i d e  c o n t r o l  n o z z l e s  

t h e  t e  l e - e t r y  mter inz and er:yerir:t.nt h a r b v m e  and a r e  a v a i l a b l e  f o r  

e x p e r i l  eiit vlewin;: p o r t s .  

3 e  lo-.;er vcta:;onal fdie 31-16 ce7:ter i1:ternal v o l u x  r.ay be 

used f o r  rlountlc;; exper: ;w-i tq  a n 3  5 ~ ' i i s ~ ~ r s  d : i t  h i . u s t  1001, m:ay f r c i  t k e  

s u n .  T?!e upper oLtaL:cnal  f::<e I s  u s e '  fcr  roui>t l~? . ;  t1:e s o l a r  t: e F L c i 7 i c  

ex ;>er i -e : . t ,  :A.i.cb d v e s  n o t  l t ,ve reor  fi lr  s in-orLe: - te i  e:.:i>er:-e-ts 01;. r k L 5  

fsLe. T o u r  ?ep loyab le  p a n e l s  are h i l i *  eii o f f  this upper f a c e ,  t i i t  two 

lar , ,e p a n e l s  ;re u t e d  f e r  photL,wLtaic  po:-er and tlie two s r , a l l e r  p m e l s  

a re  sun-o r i en ted  and used f o r  sei  cndarj .  e x p e r  i r . ,ents .  

. .  

3 - 2  Therrsal C o n t r o l  

The t e r p e r a t u r e  c o n t r o l  syste-1 i s  e s s e n t i a l l y  t h e  sa:-e a s  the  

X a r i c e r  C s p a c e c r a i t .  The e x c e > s  h e ? t  r e i e c t e !  i s  c o n t r o l l e d  by v a r i a b l e  

loulrers  a t t a c h e d  t o  t h e  outs ic ,e  u t  t;:e f o u r  c o n t r o l l e d  pa-,els.  I n  a d d i -  

t L m  t o  tlie a z t ' v e  t!.err.al contrcol s i - s t e?  , t:,er, a 1  h a l a n i e  is r a i n t a i r : e  i 

by su:_-er i n s u l a t i o n  and c c e t i n c s  OR ttle et! e r  e - q  :,e<? su r : aLes .  

T h e r r a l  c o n t r c l  of tl7e te -  p e r a t u r e  < f  e q u l p r e n t  .-icui;ted (-ut s i d e  

t h e  bays  i s  acl , ieve3 p a s s i y e l )  by ti.e u s e  of t I , e r r a l  c o a t i n q s  ( r u x i l i n r y  

h e a t e r  p ,wer  nay be used i n  s p e L i a l  c a s e s ) .  
8 

The norninal te- per i l ture  e x c u r s i o n s  t o  be expe r i ence2  by t l  e 

e x p e r i r e n t s  w i th  a s p a c e c r a f t  thema1 des ign  a s  s p e c i f i e d  above a r e  

su j i a r i  zed i n  T a b l e  111. 

Tile ti.erria1 c o n t r o l  subsyste-  p r e l i n i n a r y  d e s i g n  i n d i c a t e s  tile 

t e  . p e r a t u r e s  of a l l  t h e  ssse-:blies i n  t!ie main body of  t h e  s p a c e c r a f t  be 

c c n t r o l l e d  w i t h i n  tile li; i t s  of 5 and 35 C . 5in .e  t1.e s i t e l l L t e  . 2:: 

spend p e r i c d s  a s  long a s  2 h m ~ r s  i n  t l e  E - r t ;  ' s  slia!ow, i t  is  n e  e s s a r y  

t o  use  an a c t i v e  ther i -a1 c o n t r c l  s y 3 t e t - .  The use c i  an act;Tb7e sys te -1  

0 0 



a l s o  r.a;.es L t  ess ier  t 3  accomoda te  l a r g e  - :ar ia t ions i n  e x p e r l -  e .t r 

d i s s i p a t i o n  and a l l o w s  v a r i o u s  s i z e s  of experi:-eii t  s e n s e r  cie:iin=s tf rk,c 

t h e  e x t e r n a l  s u r f a c e s .  
-7  AiierT-al i n p u t  t o  t h e  s p a L e i r a f t  f r o r  t h e  sun i s  reduLei :  t o  r; 

very low v a l u e  by an e f f i c i e n t  r a d i a t i o n  s h i e l d  ( s o l ~ r  t?,er i c n i c  Dirror) ,  

and t h e  the rma l  r a d i a t i o n  fror.? t h e  body i s  c o n t r o l l e J  by variable-area 

r a d i a t i c n  p a n e l s  and p a s s i v e  r a d i , i t i o n  s h i e l d s .  A r a d i a t i o n  s h i e l d  

c o n s i s t i n g  cf --clti;>le l z y e r s  cf  slur iLi;zed Y-,lar c m e r s  tlle F I U Y  s i d e s  

L-liicli a r e  n r t  a c t i v e l y  t i ,~ r r rx i - cc  71trcliei  31-12 t!e e:id of tke . -a i r  bcdy. 

The f c u r  o t l , e r  siSes a r e  L,>vereJ w i t 5  tfier::, 1 i:?sulclt Fori lciuvers L.- i o n -  

trc.1 t : , e l r  expc7sure. Each lmJer  i s  pos l tLorLel  by a b i  e t n l l L c  s ; ? r i n S  

Tqllicli sezises tile t e  per<:ture of the r a d i a t i n g  p3ne i .  ,:!!en t! e te p r a -  

t u r e  of the r a d i a t i n g  p n n e l s  r i se ,  t'tie louvers  ope:? to a l l m  t i L C  r a d i a -  

t i o n  of no re  h e a t .  

T h e r m 1  c o l l t r o l  o f  tile appendage experir.-eRt a s s e n b l i e s  i s  

o b t a i n e d  by u s i n g  t h e v i a l  r a d i L t i o n  s l i i e l d s ,  r a d i a t i o n  s u r f a c e s ,  and 

e l e c t r i c a l  h e a t i n g .  The r a d i r t i o n  3re3 s i z e s  and l o e a t  ions w i l l  be  

clicsen t 3  provide a p r c p e r  h e a t  b J l a n c e  du r ing  p e r i d s  of r 3 x i ~  UTI 

ener,ry i n p u t .  

e:iergy ( .u r ing  long e c l i p s e s  c1r 1:: €7 t' e exiierl-le,!t peter i s  tu rned  o:f . 
W i t ? ,  t h i s  s ~ s t e  , t! e t e  e r h t u r e s  i f tt:e e:.:periter,tec! as5e .biles ?;it .Fr 

t l L e  a; ;)e:Ja,e n,se-blies nor-a11> k i l l  be bet.. een -12 

E l e c t r i c a l  :beaters can be  p rcv iee3  t o  s u p p l y  a d d l t L c n a l  

c7 and 5rJ3C.  

Experi-ect s e n s o r s  t i , < , t  p r  t r u l e  thrws:h t h e  r a d i a t  ,on b a r r : e r s  

on e l ther tlie n a i n  body or  t1.e appenda,:e cont . , i i -e rs  p re se i , t  s p e c i a l  

t be r . . a1  problerps. LLey r w s t  be !esi s e d  so t h a t  ttie s o l a r  e::er 7- flw:, 

abcut  L+OC W/m- if expuc,e.;i t L  trze sur., d r e s  n o t  c a u s e  e x c e s s i v e  ? ]ea t ing  

of t h e  s e n s o r s ,  and sc t h a t  t!,e t!ierr'al r a d i a t  o n ,  when t h e  sensctrs a r e  

n o t  i l 1u~ : inn tec l  by t h e  sun ,  dces no t  cause  e x , e s s i v e  c o o l i n g .  111  SO,-^ 

c a  ,e: i t  i s  n e L e s s a r y  t q  a l l o w  g r e a t e r  t e  ipe?-ature e x c u r s i o n s  i' t1,ose 

quoted  abcve f o r  s e n s o r s  having  l a r g e  open ings .  

m 

> 

3 .3  SolLr  T l i e r r ion ic  Experi- .ent 

Tl e pr imary i n t e r f n c e  of t!le expe r i r - en t s  and t!le s c l n r  :12er '-LP L 

experi- lent  i s  t!,e n a g n e t i c  f i e l d  c o n s i d e r a t i o n s .  Assu-ing t1.e copter tr<::tcr 



i s  7.ade cf n i c l e l  and i s  f i r s t  d e r i a p e t i z e d  and p r e v e r t e d  f r w  fu r t I e r  

i - agne t i za t ion  by a v c i d i n g  c l o s e  p r c x i n i t y  t o  s t r o n g  n a g n e t i c  f l e l i i s ,  t' e 

lcwer li. i t  of r i a p i e t i c  f i e l d  t l e  c o n c e n t r a t o r  Tzculd a s s u r e  i s  set  by 

tlie E a r t h ' s  magnet ic  f i e l d  a t  sea  l e v e l .  T h i s  v i l u e  a t  t h e  v o r s t  i s  

a p p r o x i r a t e l >  1 t o  2 gauss. Any expe r i r . en t s  s e n s i t i v e  t o  a r a g n e t i c  

environrlent  of t h i s  magnitude should p rcv ide  i s o l a t i o n  from t h e  concen- 

t r a t o r .  I t  should  be no ted  t h a t  over  100 w a t t s  of power w i l l  be  a v a i l a b l e  

f r o r  t h e  s o l a r  t h e m i o n i c  experic:ent - t h i s  pover cou ld  be  used f o r  t h c s e  

e x ; t e r i r e n t s  de--,anding l a r g e  anounts  of pokrer such a s  t h e n : a l  heL:ters, e t c .  

3 . 4  S p a c e c r a f t  ?over  Subsystem 

The p r i r s r y  power f e r  t h e  t o t a l  s p a c e c r a f t  i s  f u r n i s h e d  by t ' e  

p h o t o v o l t a i c  subsysteci;  t h e  s o l a r  t he r - : imic  pet-er i s  s t r i c t l y  u t i l i z e < '  

a s  an e x p e r i r e a t  and n o t  f u n c t i o n a l  f c r  gf incra l  power usage.  

The secondary power subsys te -  i s  a n i c k e l  ca!m%u-- b a t t e r y  p . ~ l  

w i th  s u p p l i e s  t h e  pcwer r e q u i r e r e n t s  when t h e  s p a c e c r a f t  i s  In  t!:e F a r t :  ' 5  

shadow or  when t r a n s i e n t  loads exceed the p h o t o v o l t a i c  c a p a b i l i t i e s .  

The b a t t e r y  p rov ides  c o a r s e  reczulat icn of t h e  c a i n  b u s ,  t?:e 5us  

v o l t a g e  w i l l  v a r y  bet:;een t h e  b a t t e r y  char:;e ('r 33.5 v o l t s )  ani: t l  e d i s -  

chc:r ;e (+ 27 .5  v o l t s )  v a l u e s .  The expe r i r - en t s  v h i c h  r e q u i r e  b e t t e r  re '11- 

l d t i o n  t h a n  t h i s  r i i l l  prcvirle tlieir omi poi er c m d i t i o n i n g  azd C w t r i  I .  

P r o v l s i o n  s h o u l d  a l s o  be r;ade a g a i n s t  e l e i  t r i c  n l  t r a n s i e n t s  3 r d  h i L l i  !e -  e l  

n o i s e  on t h e  pcwer bus l i n e s  due t o  ot i ier  es; .eri-ents and sy,<ce,ra ' t  ~ u b -  

syster.1 i n t e r a c t i o n s  on t h e  power subsys t e -  . 
A power c o n t r o l  u n i t  p r o v i d e s  s w i t c h i n g  of t h e  pnk-er t o  t\.e 

experirr,ei>ts a c c o r d i n g  t o  $;round comnands and/or  programled b a s i s .  

The power budget a l l o c a t e d  f o r  t h e  secondary  e x p e r i n e n t s  f o r  

tlie v a r i o u s  mis s ions  i s  sunrcrrized i n  T a b l e  IV. 

3.5 A t t i t u d e  C o n t r o l  Subsystem 

TIie s o l a r  t h e r n i o n i c  system n e c e s s i t a t e s  an o r i e n t a t i o n  accu r scy  

of k0.l deg ree  about  tlre p i t c h  and yaw a x i s .  There i s  iio pos~fian ~.ij i . tr~ I 

about  t i e  r o l l  a x i s  bu t  tl!e ve? i i c l e  rol l  r c t e s  are l k i t e l l  t c  c.void .y;rc- 

s c o p i c  c r o s s - c o u p l i n g  probler?,s. S ince  t h e  s o l a r  t h e r t o n i c s  i s  r i p F d l y  

6961-Final (I) 1 -  
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T‘ABLE IV 

POKER ALWEE7I FOR SECOXDARY EXPERR4E::TS 

Day -1; i gh t 0 pe r a  t i on 

P owe r 
Vo 1 t a ze 

C u r r e n t  

R ua y 

,*. 
r\ 1 gh t 

P owe r 

’:o 1 t a ge 

C u r r e n t  

* Cont inuous  Day O p e r a t i o n  
P owe r 

Vo 1 t a ge 

C u r r e n t  

-_ .  t.lissicn A 
1000 n. mi. 

- 1 G  ‘ ( Q t t S  - 27.5  v o l t s  - 0.65 axp 

7 w a t t s  

- 2 7 . 5  v o l t s  - 13.25 a r p  

- 30 watts - 27.5 v o l t s  - 1.1 amp 

. r  Plission B ,,Lssioz L‘ 
200-25,000 n. m i .  325 n. m i .  

15 w a t t s  23 wrtts 
n- - 2 7 . 5  volts - .3  v o l t s  - 3 . 5 4  anp 0.22 5 r p  

7 .1., 6 . 5  w a t t s  UC’ t tS  

- 27.5  v o l t s  -- 27 , 5 \F. 1:s 

- 0 23 a:np P.. c .25  2: y 

- 27 w a t t s  :< /A - 27.5 v o l t s  :~/ii 

- 1 .C aclp ;; / A  

* Assures con t inucus  clay ope ra t ion  f o r  e x t e n d e d  F e r i o d  2nd t h e  p i t c ? i  

and yaw gyros a r e  assur8el? turned  o f f  w i t h  excess p.wer  availnble t c  

t h e  e x p e r i m n t s .  T i i i s  norie of o p e r a t i o n  cou ld  be use2 f o r  a p p r o x i -  

m t e l y  s ix  months i n  : : ission A and s p p r o x i n a t e l y  7 ’ d a y s  i n  2:ission ‘3, 

n o t  a t  a l l  i n  PIission C since t h e r e  are  no s h a d o w f r e e  pe r iods .  but 



z t tac i lcd  t o  t h e  spacec ra f t  body t:‘:c e n t i r e  s p a c r c ~ - a r l t  is o.;i.r,nr.cd :ci 

t h e  SUII. Monentun f l jwhcels  provide  ti-ip p i t c h  ’112 :,a: f i n ,  p o i  t L i n  7 

co.itrG1 311.2 the C X p U l s i 0 : l  0: gas f:oa t h e  s p a c c c r a i t  i s  kept  t o  a ni-l i-  

CUE. 

summarized i n  Table III. 
Thc control and a c c x a c i c s  provided  3y t h e  a t t i t u d e  c o n t r o l  2y-e 

P r o v i s i o n  has been ncde f o r  i n f r a r e d  s e n s o r s  to reduce  t h e  

r o l l  ambigui ty ,  bu t  t he  accuracy of t h e  s:-stem i s  no t  def ine t i .  

3.:) Dzta I:z??lin;: an? T i c l ~ r ? c ~ r y  SubsTTstins 

T!:c spacecra-  t i z t a  ba:: lli:~; z~nt! tela ~ : r y  subs:;stcn prnccsse ,  , 
s t o r e s ,  ,?:id t c l e m e t z r s  t h e  s p a c e c r a f t  cxper inent  a:~c! !louse!:c~cpin 

# 
siatcvi:  a,mlo:: and d i g i t a l .  

The data handl ing  capability is sumnarized in Tab le  V .  

TABLE V 

SZ’ACECPUFT DATil HANDLING CfiI‘ABILITI’ 



TllISLE VI 

SPACECRAFT COI?I:JG ACCLXi'iCIIE S 

4 

Q u a n t  is a t  i o n  
A .̂.-II... 
ct'i L UL a b 3  

el  .5% 

io. 8% 

io .4% 

= 3 . 2 %  

Tlre;eforc, exper iments  r e q u i r i n g  a - L l  .O p e r c e n t  accuracy  r e q u i r e  3 

s i x  b i t  coding .  

Ihe s p a c e c r a f t  d a t a  hand l ing  and t e l e m e t r y  subsystem i s  

des igned  t o  p r o c e s s ,  s to re ,  and t e l e m e t e r  e x p e r i n e n t  and s p a c e c r a f t  

d a t a ,  and t o  g e n e r a t e  thing s igna l s  f o r  use  by t h e  c x p c r i n e n t s  a d  

the  spacecraLi  subsy7: tcns .  The major e l emen t s  of t h e  subsystem z r z  

show1 i n  F i g .  4 .  IL i s  a hi , ;h-cayaci ty  d i g i t a l  and s:?aloz s y s t  

d c s i  :ned t o  c o d i t i . c n ,  I-IL l t i p l m ,  storc, .:ni tra:isr?it  c2.3La i r o n  t'?? 

cxperincnts and s p a c e c r a f t  subs5 sterns tc, t;le ;ii.u;ici x t c t  i v in j r  5tc2.-LL . 
Its ?c.sLzn I r c n  i d e s  t h a t  t l ,e s i q l l e s t  ! r sc tLcab:  iTitc'i-facl i lx i s t  

t h e  cspe r imcn t s  and tile .lata s ; . s t ~ r  . A:i adc l i t imn ' i  a ~ ? - . - m t ~ : ~  i s  ::'E% 

f a c t  tha t  the d a t a  system d e s i g n  can a c c o m o d a t e  a wide v a r i e t y  of 

cxperirnents .  Two forms of d a t a  from exper iments  can be acconnodated ,  

t i n e - d i v i s i o n - m u l t i p l e x e d  analog d a t a  t o  t h e  a n a l o g - t o - d i g i t a l  con- 

ver t e r  and d i sit a 1 t e lcme t ry sy s t ern, and t ir! 2 - d i v i  s i o n - x l  t i p 1 cxc d 

d i g i t a l  d a t a  d i r e c t l y  t o  t h e  d i g i t a l  t e l e m e t r y  system. 

The i n t e r f a c e  w i r i n g  from a s p e c i a l  purpose o r  analos c.::pcrl- 

n e n t  ou tpu t  t o  t I x  d a t a  system c o n s i s t s  of a sing;le l i n e  and i t s  ~ c ' t ~  

The r equ i r emen t s  are s p e c i f i e d  s i i x p l ; - ,  i n  t h a t  t h e  o u t p u t  oT tile c lxp~: - i -  

n e n t  n u s t  rcinain wi th i ; l  t h e  0 t o  5 v o l t  range a d  have a s u C i i L i c n r l -  

0 3 i l - F i n a l  (I) 1s 
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la? o c t p u t  inpedance t h a t  ::IC ncasurin: accc rac )  i:il? :-.et lit . ? 2 ~  1.- 

a f f e c t e d  b:; t h e  inpu t  i;.pedancc of :he iata s:--.ter;l. 

The d i g i t a l  d a t a  i n t e r f a c e  a l l o , r s  nanj- Ci f fe renL t!:pes 0: 

r l i s i  tal t>vpc r inen t s  t o  be f loim wi thou t  m o d i f i c a t i o n  t o  t h e  d a t a  s.;stci . 
4-11 s i g z a l  c o n d i t i o n i n g  i s  performed w i t h i n  t h e  e x p e r i n e n t s .  R o t:-pes 

ol: synchron iz inz  l i n e s  c h r r y  s i g n a l s  from the d a t a  s y s t e m  t o  t h e  cxpcr i -  

n t n t s  t o  c o n t r o l  t h e i r  p r e s e n t a t i o n  of d a t a  over t h e  d i g i t a l  d a t a  output  

l i n e s .  One type of synchroniz ing  l i n e  p rov ides  b i t  pulses; t h e  o t h e r  

p r o s i d e s  w x d  p u l s e s  f o r  cach  d a t a  i n p u t .  Thus,  t h e  c s p c r i n e n t e r  i.:a:i 

d i l - i d c  h i s  p a r t i c u l a r  word or  group of words as i:c d e s i r e s .  

Data f r o n  t h e  c-xperiren: s arc> sanpled, d i c i t i z e d ,  S L W C ~ ’ ,  

n:ic‘ telecetercd by the  Zig i ta l  d a t a  s y s t e ? .  It c o n s i s t s  of t i n i L i r ;  

a s sembl i e s  t o  provide  til-sing f o r  t,, ~ x p r i n e n t s  and all of the  c l c c -  

t r o n i c  subs:istems, a pa tch  panel  t o  f a c i l i t a t e  connec t ion  o i  t h e  vxpc r i -  

n e n t s  t o  t h e  d a t a  system, d a t a  handl ing  assemblies f o r  s e q u e n t i n l l : .  

sanplin:; all d a t a  i n p u t s  and conve r t ing  analog d a t a  t o  b i n a r y  f o r r ,  

t a p e  r e c o r d e r s  o r  c o r e  memories f o r  s t o r i n g  t h e  b i n a r y  d a t a ,  and tiaiis- 

r i i t t e r s  and antennas  f o r  d a t a  t r a n s n i s s i o n .  

The d a t a  : landling s>-stcr.: i s  des igned  t o  permi t  f l e x i ’ n i l i t \  

8 i n  the d t s i g ~  of exper iments .  Experiments T.Jhosc s e n s o r s  produce 

h n > i c a l l >  n - i z l o y  signals, such  a s  c d r r c n t  , v o l t a ,  c ,  o r  r c s i s t a n c e  

cl>ai1s;cs, cnplo;; s i g n a l  c o n d i t i o n i n z  equipment t o  p r c s c n t  analor volt- 

ages  i n  t h e  range of 0 t o  5 v o l t s ,  i i i t h  ICXJ source  impedances,  t o  c:?c 

d a t a  systcm. Here they  a r e  con-Jcrted t o  d i g i t a l  form. h t h e  ut::er 

band,  experiment s e n s o r s  such as Gcigcr -?fuc l lc r  c o u n t e r s ,  c t c  . , 1-hick 

produce o u t p u t s  t h a t  arc fundamental ly  d i g i t a l  i n  n a t u r e ,  employ d i y i t a l  

t echn iques  t o  p rocess  and c o n d i t i o n  t h e  d a t a .  

t o  t h e  d a t a  s:;stem i n  s e r i a l  hinar;- f o r 3  i n  s!?lchr@nism w i t h  p u l s ~ b  

o b t a i n e d  fro11 the  d a t a  system. 

The d a t a  a r c  p rc scn ted  

4-11 c:.rperinent d 2 t a  o u t p u t s  a r e  r o u t e d  to t h e  d a t a  hani i l ind 
8 

system t;irou;h a pa tch  paa?el. Th i s  p a t c t  pane l  co11CaiiIs t c r r : i n a l s  : OL- 

a l l  of t h e  cxpcriincnt o u t p u t s ,  d a t a  system i n p u t s ,  2nd d a t a  t i n i n ;  

s i g n a l s .  The te lc ine t ry  _‘ormat i s  assembled by i n t c r c o n n c c t i n i ;  EhcsL 

213 



t c i -n ina ls .  ?:e ~ : s e  of tbc  : > a t ~ b  pan;.L prv : idcs  cas;; i n i t i a l  i t  

an?. ~,l lcrr js  laSt--i i?Utc chanr:€5 i :':f- rorr  at L i L h C K i L  a f f e c t  i i l  

eqiliprcltnt i n  the s p a c e c r a f t  o r  th? c I c c t r i z a l  c a b l e s .  

A d d i t i o n a l  s i r rna ls  a v a i l a b l e  t o  t h e  i s p e r i r i c n t s  in ,  1,Je pm:es 

coiivcrtcr s y n c h r o n i z a t i o n ,  gyro 400 c p s  s:Tnchronization, ;round CO:T- 

nands ,  and v a r i o u s  t i m i n g  i r e q u e n c i e s .  Timing p u l s e s  cor responding  t o  

t h e  s a a p l i n q  times of many of t h e  d i g i t a l  i n p u t s  aril providc3d t o  ass i s t  

t h e  expcr ice i i tErs  in p r o g r m n i n g  t h e  d a t a  c o n d i t i o n i n g  w i t h i n  t h e i r  

csper inents .  To ass is t  the t3xpcrirntnter i n  d e t e r n i n i n r ;  t h e  d a t a  han- 

d 1 i . n ~  s : . s t m  opernt in: ;  c o n d i t i o n s  a d d i t i o n a l  s i g n a l s  i n d i c a t z  :?l.cLl:~r 

yea1 :i:x C a t s  < i r e  bci:ir t r 3 n s - , i t t 2 d y  :he real t i n e  hit r 3 t c  721 ' - . > - a  i 1 'i 

equipxeilt  group ::hich i s  f ccd in -  t;ic d a t a  storci :e sT-s t e i .  

Ttre d i r i t a l  d a t a  s t o r ?  ,e i s  a i c  E ~ ; C  i a=;ix Ci: 

c x c  s?oragc u n i r s  os magnetic t a p e  r e c o r d e r s ,  ! cpcnJ in ;  on :hc r i s s i o i i .  

For t h e  e l l i p t i c a l  o r h i t  t-.:o i d e n t i c a l  r e d u n d a n t  t a p e  rc - 



wide temperarure  r a n g e ,  slid c o a p l e t e l y  s o l i d - s t s t e  TTZ ;n:tic cli-ivc,, . .  

no i n t e r n a l  h e a t i n ;  o r  tempera ture  c o n t r o l  r cqd i r cmen t s ,  r:akt. i t  q l  it, 

s u i t a b l e  f o r  aerospace a p p l i c a t i o n s .  

accordance :J i th  m . 4 - 9 8 5 8 .  Data i n p u t  and output is  asvnchronous , 
one b i t  a t  a tifie, a t  any r a t e  up t o  20,000 b i t s  per  sccc:ic’., and t h e  

c a p a c i t y  i s  30,096 b i t s  pe r  core memory u n i t .  

I: ‘>as been fu l l ; .  q u a l i f i c d  i n  

Data are  r ead  out  s e q u e n t i a l l y ,  one b i t  a t  a t i n c ,  and t t i c n  

r e s t o r e d  i n  t h e  incnory. T h u s ,  t h e  i n f o r n a t i o n  s t o r e d  i n  a p a r t i c z l a r  

core  i s  erased m-11:: when t h a t  co re  i s  r cqLi red  f o r  new i n f o r n a t i o n .  

. \ f ter  t h e  xiit has oxcc been f i l l e d ,  it v i 1 1  alria)=s c o n t a i n  t h e  1;s: 
. . -  

- c - c L ’ . ~ c  -LOT.: k i l e  cl1c<)Gci. 

,. - _ .  m. 

iiie ::isston A sa:t . : l i te ::*. L:(‘ c L --?:ct 2 4  , ” i t s  < :  < a t :  
z.cc:l  z - -.- ’ 

A i  .,-a.ll\’ L ? ~ ~ C  thirst Fn I i f  !.L : J . t F L  c ~ r :  . t~:-a-, -.ii 

( 2 0  pounds of c o r e s ) .  

t r ac lL ing  beacon would be turned  o f f ,  and the  t z l a n e t r y  car;-ici- a c t i v a t L d  

by cocoand ( e i t h e r  s t o r e d  o r  r c a l - t i n c )  t o  i n i t i a t e  t h e  a c q u i s i t i o n  

pi-ocedurc.  

Aftcr the o r b i t  isas ;;ell e s t a h l i : h c d ,  ~ i i c  

A c q u i s i t i o n  s l iould be conp le t cd  i n  l e s s  t h a n  t;;o n i n u t ? s ,  nnci 

t h e  d a t a  would be r ead  out  cpon conmnd Cron c i c h e r  t:ic Fairban;:s or 

th?c S t .  John’s ground s t a t i o n  a t  a x n t c  of 400 b i t s  pcr  sccond fa- ‘icn 

; l i : i i t c s ,  us in ;  PCPl;FN/I-’TI. 

O r b i t s  h e r e  nc ic l i e r  of t’icse :;rounc! s t a t i o n s  ha:! a c lca l r  

1 ine-nf -s i ; ;h t  t o  t h e  s a t e l l i t e  woL,ld bc. L x t r e x l l ;  ra:-e , rind ::-e l o s s  

0 5  Gata 311 t h e s e  o r f i i t s  woLld bc accep ted .  

The  Fiission B s a t e l l i t e  W C U ? ~ !  ccTllcct O : ‘ C , L W  b i t s  c f  L a t i  

each  o r b i t  and would s t o r e  these  i n  a xa~.iit t i c  t ~ p e  x--eco;Jcr. :, ScLond 

t a p e  r eco rde r  would bc a \ ia i lab lc  as  a spare and t o  provide  stora:;e :or 

a second o r b i t  of d a t a  on those  occas ions  17l:crc a g r o w d  sta:ion i’as 
not a \ - a i l a b l e  upon complet ion of ail o r b i t .  

Up t o  two o r ? . i t s  05 s t s rec?  : : i t a  . r ~ l d  b;. t r n n s n i t t c d  .:.’ar 

pcr ixcc  upo:i conrnami t u  t I“  Pi;;aiic, .c. 2 ) ; i i k 1 > ,  x -:::.-fi l.1 + - d - i $ \ ;  * .  

a t  a r a t e  of 6 / 3 j ~ ,  b i t s  sr s e c o n d  f o r  f v * : r  n.inL!tcs, ~1sL:lp PC!.,, 1 1  



and noncohercnt r c c c p t  i o n .  Frcqucnc.;. acqu i s iE ion  : ~ o l - l d  n o t  i c ~ I C - C C T -  

s a r y ,  sad anqu la r  a c q c i s i t i o n  shoi 12 be p r z s i b l t .  i n  less  t l , an  o : i ~  

rninutc. 

~ 1 - c  ~ . : i s ~ : ~ ; l  c s a t e : l l l t e  w p ~ l d  c c l l r c t  lj(t,Ot’C h i t s  t f 
car?i o r b i t  ant? i ~ o ~ i 1 6  s t o r e  cp t o  ~ 7 . 1 0  o r b i t s  of d a t a  i n  t e n  na,ncric A 

c o r e  storage u n i t s  (25 pounds of c o r e s ) .  

It would b e  acqu i red  i n  t h e  same riaiiiicr as the f.!is..:5on A 

s a t e l l i t e  ( i n  about tiJo mini i tes) ,  and t h c  d a t a  ,n.i DE r ia4 G ~ I L  , . ~ ) W . I  

command fruc tile F o r t  >hers ,  L a n ~ i r g . c ,  L h 2 ,  zz  +<to s t a t i m s  2: a 

i-i.tt. 25Or hits . C T  secor,d i t r  :t:c r . i i : : i , t c x s ,  s i n y  PCZ‘!F>:/PP:. 
_I I! e (:Cyita1 c c t p u t s  of 2 i t l . t . r  tIie d a t a - f n i i d l i - : g  t q u i  T 

5: i of I’ t r .msri t tcrs .  Cor,plctc ~ ~ m i a i , : - ~  o n t r o i l c i ,  ir05i- 

c:-L-a;,pi::L p rov i s ionb  z l low the f u l l  u s e  of t h e  p a r a l l e l  redcnils,ic- tc, 

i n c i e a s e  the  r e l i a b i l i t y  of the d a t a - h a n d l i n z  system. 
t 

One of tire two d i g i t a l  t r a n s m i t t e r s  i s  ene rg ized  upon tlic 

The t e l e m e t r y  s y s t e m  i s  automaticall:.’ r e c e i p t  of a ground conmnd. 

tu rned  o f f  by a t imer a f t e r  t h e  loss  of t h e  cor-inand c a r r i e r .  O?.e cf 

t h e  t r a n s n i t t e r s  feeds  t h e  o n n i d i r c c t i o n a l  an tcnaa  , xhich  hc7s a r.ai;i 

0: -10 jy: r 2 l a t i v c  t o  iso:-ropic r a d i a t i o n .  The othc.r  d i s i t d 1  CA-a- i : , -  

r ? i t t c r  i s  i n  a s i a x : b y  node. It i s  not  p o s s i b l e  f o r  b o t h  d i , i t a l  

t r an  sn i t t e r s t o  ope r n t c7 s i m  1 t ani. ou s 1;: . 
The d i z i t a l  t i - a n s n i t t c r s  have pover o u t p u t s  of 350 miIlP.-atrs 

t o  709 m i l l i w a t t s .  The 136 p-ic 10.303 p e r c e n t  c a r r i e r s  are moduiatcd 

by t h e  PCM d a t a .  

The p r o g r a m e r  provides  t h e  b a s i c  c l o c k  s i g n a l s  r c q u i r c d  by 

t h e  PCM encoder  and o t h e r  u n i t s  and s t o r e s  and a u t o m a t i c a l l y  ~xecufes 

a p rede te rn ined  p r o c r a n  of connands governing such e v e n t s  as s e p a r a t i o n  

of s o t e l l i t c  and b o o s t e r ,  dcplo,ment of solar p a x e l s ,  t r a n s m i t t e r  

t u rn -on ,  e t c .  Back-up f o r  some of t h e  p r o g r a m e d  conrands cai1 bi. frc- 

nislicd b>- t r a n s m i t t i n g  connancls from t h e  p o u n d .  P r o v i s i o n  s 

a lso  be made t o  s t o r e  a l i m i t e d  nmber of t r a n s n i t t c d  conr,a::3s for 

de la j rcd  execu t  i o n .  
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The b a s i c  t i r i n g  scwrLes o r e  ti,.% reAu,iLant L r ) s t c l l  i ~ s c i ! i  i r- 

; i ' ; t l : ? S  \ \ f  k3?nP il-t  217 !{I5 
i' s h o r t - t e r n  s t a b i l i t i e s  of one ; a r t  i n  l t l  p r r  h o u r .  Cn 

will be use< a t  a ti:ie so t h a t  a l l  t i r i i n g  i s  J e r i v e d  f r v r ,  a s ' r . ~ ; e  4 XI e .  

Countdo-m c i r c u i t s  produce s i g n a l s  f o r  synchron iz ing  the d a t a - h a n d l i n g  

a s sembl i e s  and t h e  t a p e  r e c o r d e r s ,  f o r  t ine  r e f e r e n c e  i n  the  e x p e r i r e n t s ,  

and f o r  synchron iz ing  a l l  power c o n v e r t e r s  t c  minLr i z e  i n t e r f e r e n c e  t o  

expe rmex i t s .  An a d d i t i o n a l  r e g i s t e r  could g e n e r a t e  acc~!w, i a tCd  t ; ~ .  

which can be recorded  and t e i e - e t e r e d  w i t h  a l l  d i r : i t a l  si. t s  t o  Lier-.re 

z s  a b a s i c  d a t a - t i z e  r e f e r e n i e .  

3 . 7  Corxanc? Subsys ten  

The c o m a n d  subsyster-  will provide  up t c  70  3 c t u a t e J  c c x r a n l s .  

Approx ica t e ly  30 of t h e s e  cn-off  coimands w i l l  be r e s c r v e d  i n i t i a l l l r  f c r  

' 8  tl!e secondary experiment  f u n c t i o n s .  

3 .S Tracking  Subsystex 

A t r a c k i n g  subsystem i s  provided t o  e s t a b l i s h  tlie v r b i t  ;nc! 

p o s i t i o n  of t h e  s p a c e c r a f t .  The s p e c i f i e d  s p t e ~  u5es a 136 :;c beac t t i  

t r a n s r i t t c r  i n  ! ' i s s i o n  A and C and a UEIF ran;e arid range rg t e  sEh-- .g te-  

f o r  X i s s i o n  B .  The accuracy  of t 1  e : ' i s s i r n  E sy- - te  I s  capable of 

i ea su re ren t s  of - ~ I C  -7eters i n  r3r"e ancl * C . i  3 e . r e e  i-i p c . ' r t i r ; ;  <-r. l e .  

Tlic accuracy  of  t h e  : ; i s s i a n  A and c' RcdKii a r c  n ~ ~ t  s p e c i f  L e u .  e , -  e.:-  

which r e q u i r e  p o s i t i o n a l  accuracy  on : : iss ions A a n c  C sl,culr! nvtL : 

r e q u i r e d  t r a c k i n g  accu racy .  



f 

- r o r  p u r p u k e s  c i  t h i s  stuc!y, the e x r e r i r  ents x,-hich a r e  2;re-tl: 

r e l a t e d  t c  ti.e desi: ,n,  o p e r a t i c n  3116 p e r f o r r a n c e  of s p a c e c r a f t  cL):  poi el t - 
and subsys temi  have been c l a s s i f i e d  a s  e n g i n e e r i n g  exper  ir-er t s  PncIer 

t h i s  d e f  F n i t i o n  c o r e  e x p e r i r e n t s  and i n v e s t i g a t i o n s  such a s  s r l a r  po:.er 

s y s t e - , s ,  i n v e s t i g a t i o n  of m a t e r i a l s  s e a l s ,  b e a r i n g s  under  prrblonqe? e x -  

posure  t o  t h e  rxtremes of space environment ,  a t t i t u d e  cor r t ru l  in-i.est i -  

and co r i cep t s ,  e t c .  

im I X E E R I N G  TECHNOLOGY 
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The erl Yineerinp expe r i ?en t s  ccansldered i n  t h i s  s t u d y  z r e  

r e p r e s e n t a t i - l e  I f  t h c s e  t h a t  c(  u l d  be  inc luded  on tile r c d e ?  s p d i e L r a f t  

The e x p e r i v e n t s  i n~ lude : :  i n  this s e c t i o n  a r e  n o t  t he  on ly  e x p e r i - e :  t s  

p o s s i b l e ,  b u t  t h e  l i r i i t e d  n a t u r e  of t h e  s t u d y  prec luded  a c o v p l e t e  

c a t a l o g  . 
Under t h e  s c i e n c e  heading  cme e x p e r i z e n t s  which e x p l o r e  

a t x o s p h e r i c  i i ens i ty ,  e l e c t r o n  and i o n  d e n s i t y ,  n a t p e t i c  and g r a v i t n -  

t i o n a l  f i e  I d s ,  c o s r i c  r a d i a t i o n ,  g a m a  r a d i a t i o n  , i n f r a r e d  and u l t r a -  

v i o l e t  , astronor;y,  c t c .  

To o r g a n i z e  tile sc i ence  e spe r i i  ei?ts t h e  accepted XASA s i  ~er;,e 

d isc ip l i l , e : ,  w r e  usec'. These d i s c i p l i n e s  are st:am i n  Tan12 'i 1;:. 

A .2 S e l e c t i o n  Criteria 

It  i s  e v i d e n t  t h a t  a cornplete e x a n i n a t i o n  of a l l  poss ib le  

exyer i r :ex ts  i s  i n p o s s i b l e  w i t h i n  tlie sccpe  of t h i s  s t u d y .  A t  p rograx  

L ~ ~ c ~ s c L Q s ,  i! lict c?Z g g ~ e r a f  c r i t e r i a  was e s i a t l i s l t e d  a g a i n s t  which  

t e n t a t i v e  experinlents  were judged prior t o  a more d e t a i l e d  i n v e s t i g a t i o n .  

A p p l i c a t i o n  of t h e s e  c r i t e r i a  helper?  t o  e l i m i n a t e  a l a r g e  

nu rbe r  of expe r i r - en t s  a f t e r  b r i e f  e x a r ? i n a t i o n ,  

' .3 ?xi-eri. en t  L i s t  

<I>.' t r ' r p n t s ,  w %icF  a r e  i l escr i i> td  111 zlorL d c t a i ,  1,. 

- A :  . L I 1  G L  
C '  - -  - 7 -  

7 -  T i l '  ~ .! A I  In?  I 1-F t ' ' -  A ? ' > % - '  s (  : t ' C  a 

I n  .abies I:< 3nL ::. -'he l ,st was d e r i v e d  : ram exa : i in? t i cn  <)i ?ke - I - -  

7 r e v i o u s l y  d i s c u s s e d .  

It riust  be r e c o F i z e l  t h a t  s e l e c t i o n  of expe r i r i en t s  i s  s u b j e z r  

t o  p e r s o n a l  o p i n i o n ,  and t h a t  o t h e r  i n v e s t i g a t o r s  may have chosen a 

d i f f e r e n t  group of e x p e r i m n t s .  I n  t h e  s c i e n c e  a r e a ,  s e v e r a l  of t h e  

e x p e r i r z n t s  have no t  been al lowed b e f o r e  and were conce ived  f o r  t h i s  

s t u d y .  

I t  should a l s o  be nc ted  t h a t  a p r e j o n i n a n t  f e a t u r e  o f  t:le 

spa;ecra:t i s  i t s  s o l a r  o r i e n t < I t i o n ,  and xany of tlie chosen e x p e r t - t n r s  

tai.e a l v a n t a g e  a f  t h i s  f e a t u r e .  

6961-Fina l  (I> 25 8 
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1. D e t a i l e d  C o n s i d e r a t i a n  Mer i t .  - Will tlie a n t i c i p a t e d  r e s u l t s  o f  
t h i s  expe r imen t  

( D )  ;ill an ixpor t a - i t  sap i : ~  t h e  body ~i knowledge c o n c = r n i i g  
sorw p?'enomtlnon f o r  which  no s a t i s f a c t o r y  a r  adequatc  t .t-c c-7 
e x i  s t s  1 

(i) p o s s i b l y  reveal t h e  e x i s t e n c e  o f  one o r  more previous1-J 
U&~QWII phenomena ( e . g . .  by conf i rming  a p r e d i c t i o n  based 
upon soae t e n t a t i v e  theo ry )?  

( - )  protTide i n f o r x a t i e n  re?r;rdi  phcnoncna which  cons i t.i-- t I 
p o s s i b l e  haza rds  t o  nari ( e i  er  i n  space o r  on  t h e  e a r t ' i ,  
moon, o r  some p l a n e t ) ?  It0 s p a c e c r a f t  ( d i r e c t l v ,  o@tt;l 
m i s s i o n - e s s e n t i a l  coinponents D r  d e v i c e s )  ? To insLr1iiie-i 

(11) v e r i f y  t h e  f e a s i b i l i t v  o f  some novel  i n s t rumen t  L I T  de1:ice 
by d u p l i c a t i n g  o r  inproving  measurements -1u2c. w i t h  cL)n$cii- 
t i o n a l  i n s t r u n e n t s  o r  t echn iques?  

(i) prov ide  in fo rma t ion  c?f TQtential m i l i t a r y  v a l u e  ~ n r t e i ~ i . -  
l o g i c a l  va lue ,  o r  in format ion  u s e f u l  i n  assessin,:  ilie - A -  

b i l i t v  c f  mine f u t s i e  expi r i r l s n t  o r  c i s s i c - n ?  



2 .  

TABLL V I  I1 (C:j,:tc',) 

C a n p a t i b i l i t v .  Will the i n s t r u m e n t a t i o n  f o r  t!iis e x p e r i a e n t  
( i g n o r i n g  t e l e m e t r y  and 27!?cr sou rces )  

(a) be usefu l -  i n  whole o r  i n  p a r t -  i n  t h e  performance o f  o t h e r  
exper iments?  

( b )  produce s t e a d y  o r  t r a n s i e n t  magnet ic  f i e l d s ,  e l e c t r > - ) s t a t i Z  
f i e l d s ,  p e n e t r a t i n g  n u c l e a r  r a d i a t i o n s  ~ nechanica ;  1 i h r a t i  7s 
o r  in;  u!.; s ( shocks ) ,  r ad io i r equency  r a d i a t i m s ,  o r  any 2 ~ : i e r  
e f f e c t s  which W C J V ~ C !  i n t z r f e r e  wi th  o t h e r  e x p e r i n e a t s  o r  
e c i i ,  i--?t 0 7 1  bozrd?  

( c )  r e q u i r e  any S p e C i a !  TountinLd c o n s i d e r a t i o n s  ( Y .  g. , a li~;is LC 

l o c a t i q n  o r  a t t i t u d e ;  spc-cia1 the rma l .  magne t i c ,  e l e c t r i s < : l ~  
o r  o t h e r  i i i s u l a t i o n  and s h i e l d i n g  r equ i r emen t s ;  access  r 
viewing p o r t s ) ?  

(2) r e q u i r e  un ique ,  e x t e n s i v e  o r  complex pre l aunch  checkout  
e q u i p e n t  and /o r  procedures?  

(t*) r e q u i r e  unique e x t e n s i v e  i>r complex o p e r a t i o n a l  si lpport  
equ i  ?men t ? 

3 .  Engineer ing  Cons ide ra t ions .  

( 3 )  Phys ica l  (LJeight -?ol!me, diae!i;i;,ns and ;iii; .e. TIC::R?~.ZZ 

requi re rnents ,  vacuum a n d j ~ r  nlois t . : re  5saii ! .  rtJq.iir e--,.-l::t s , 
s i l r face  c o a t i n g s  and f i n i s h e s ,  s p e c i a l  ix3.1 i , in i i ig  cf C ,  L:: 1 ... I: 
p a r t s  and/or  t o  c l o s e  t : , l e r a n c e s ?  'sse of d x o t i c  n i a t e r i a l s  
ariciior components . . . )  

(b)  E?ec  t r i c a l  (1:ol t a g e ,  power,  du ty  cyc le .  . -1  

(2) Environmental  ( s u s c e p t i h i l L t y  to v i b r a t i o n ,  s l i t d . ,  a c c e l -  
c r a t  i on ,  tem;,eratui-e ex t remes ,  c l c c t r i c a l  t r a i i s i e n t s ,  d ~ i i . c t  
s:':ar r a d i a t i o n s ,  cosmic r a d i a t i o : ; s ,  vacuum, m i c r c r c t c o -  
l o r d s  . . . )  

( ' )  ? p e r % i t i n g  l i f e t i m e  and s h e l f  l i f e  

(e) Telemetry r equ i r emen t s  
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TABLE IX 

LIST OF S C I E N C E  EXPERIM?ENTS CONTAIKED I N  CATALOG 
! 

Discipline Experiments 

I Astronony I-A Ultraviolet and Infrared Emissim cf Stars 
0, G.  Harlow) 

and Gltraviolet (3. G. Marlow) 
1-5 ?lapping o f  Galactic Structure i n  I n f r a r e d  

I-C 0.75 to 10 Yc Galactic Radio Noise ( R .  HerteZi 

I1 S o f a r  Physics 11-A Cltraviolet Imaging of Solar F l a r e s  ( D .  G, 
Harlow) 

If-B Search f o r  Solar Reutrons (C.  Black) 

11-G Detection of  Low Energy Gamma Radiation 

IT-D Solar  C o r o n a g r a p h  ( 5 .  G. Yarlow) 

1 1 - E  Study of Temporal Variations i n  So la r  I ' l t r n -  

(C. Black) 

violet Emissions ( M .  W. Eolm) 
I. 

TI-F I n f r a r e d  E m i s s i o n  from t h e  Sun ( E .  G.  Xarlew) 

11-G Search f o r  Characteristic X-Ray Emission fr 

IX-H Xonitoring of Sola r  X-liay Emissicns ir, t k e  
Region of 0.2 ta 24 keV (C. Black) 

11-1 Extreme Ultraviolet Spectrum of the Sun 
(L. M. Snyder) 

the Sun ( C .  Klacii) 

11-3 Profile of S a l a r  Lynan Alpha (R, Anderson)  

111 Particles and F i e l d s  

111-A  Spectra of Galactic Electrons (R. Hertel) 

1 1 1 - B  Study of Earth's Albedo Neutrons (C.  Black/ 

1 1 1 - C  Intensity and Abundance of Light and Ye<:%uv 

_r. H. YlLltlirIS) 

Nuclei in G a l a c t i c  C c s m i c  Radiation (Ti. : !e rLe lJ  

I I 



TABLE IX (contd)  

O i s c i p l i n e  Experiments  

1 1 1 - D  Trapped P a r t i c l e  ExFeriment ( A .  Y .  Takiliu) 

111-E De tec t ion  of High-Energy Galac t ic  C m a  

111-F Proton  Dosimeter ( R .  H e r t e l )  

Rad ia t ion  (C. Black) 

T-r ~ 1 1 - G  T Searcn for Key G a l a c t i c  Gamma Kad ia t ion  , 

( C .  Black) 

1 1 1 - H  Spectrum and F l u x  of Sigh-Energy G a l a c t i c  

111-1 Low-Energy Proton Spectrometry w i i h  2 i f f t r -  

XII-J S a t e l l i t e  Charging and Discharg ing  Character- 

Protons  (T. T. S m a r a s )  

e n t i a l l y  Shielded Solar Cells (B. Ross)  

i s t i c s  (R. H e r t e l )  

1114 I o n i z a t i o n  Chamber Experiment (T. 1. Saaaras) 

fV P l a n e t a r y  Atnospheres  

IV-A Measurements of E a r t h  C l t r a v i o l e t  Rad ia t ion  
F l u x  (D. G. Marlow) 

1' Ionospheres  and Radio Phys ic s  

V-A Topside Sounder (R. l i e r t e l )  

I;-.> ; n v e s t i g a t i o n  n f  t h e  Coqposition of t 5 e  l - ; z e r  
;r;.csphere (F.. I iertel)  

uoon ( U .  G .  Yarlcw) 
VI P l a n e t o l o p  VI-A Photon Emission f r o p  the Dark Areas of t h r  

VI-E E a r t h  A l b e d o  (!I. G .  FIarlow) 

VI-C C l t r a v i c l e t  and IRf ra red  Lunar Albedo  

VI-D P h y s i c a l  Analysis of Xic rcme teo ro ids  

VI-E Effect of Hyperve loc i ty  Impacts  on Structural 

VI-F Cherrilcal Analysis of Carbonaceous ? e t e o r o i d s  

( 3 .  C. ?larlow) 

(L. ?I. Snyder) 

Sur faces  ( L .  M. Snyder) 

(L.  3. Snyder) 
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TABLE ;: . ENGITU'EERING EXPERIMENTS 

Techno 1 o g y  

I Power 

a I1 A t t i t u d e  Cont ro l  

I - A  

1-8 

I-c 

I-D 

1 - E  

I - F  

I-G 

T-I1 

1-1 

I-J 

I- K 

I - L  

I - M  

I - N  

1-0 

I - P  

1 1 - A  

I11 Thermal Cont ro l  

J- 

' G E  F i n a l  Report  

a 

1 1 - B  

1 1 1 - A  

111-E 

Exper inent  

So la r  C e l l  Angle of Inc idence  
Experiment 

O p t i c a l  Transmi t tance  T e s t  

Measurement of R e f l e c t i v e  Sclriaci. 
De  g rad  a t  i o n  

&at Pipe Experiment 

Conccn t r a t a r  Temperature a:>d 
S t r a i n  Measurements 

Concen t r a t a r  R e i l e c t a n c e  a d  
Angular E r r o r  bleasureaent 

So la r  C e l l  C a l i b r a t i o n  T e s t  

Solar  Constant  of t h e  Sun 

Xeasurement of S p e c t r a l  D i s t r i b c -  
t i o n  of Space Sun l igh t  0 

E v a l u a t i o n  of Convent ional  
B a t t e r i e s  i n  Zero Gravity 

E v a l u a t i o n  of R e g e n t r a t i v c  P:di-c>z~~:- 
Oxygen Fuel C e l l  i n  Zero G r a - . - i t i  

Radia t ion  E f f e c t s  an So la r  Cells;': 

Vee-Ridge Photovoltaics: '? 

Thin F i h  Solar  Ce l l s*  

So la r  Thermionic S A  

Pyr erne t t r  

Brushless dc Torquer - Xeactior,  
Whee 1 

A t t i t u d e  C J n t r o l  by E l e c t r i c  
Thrus t  o r  s 

Thermal Con t ro l  Phase Change >latL,rial- 

T'l-.-... ; cL,,,al Ceatings-l '  



TABLE 1. ENGINEERING EXPERIYEFITS ( c o n t d )  

Technology 

I V  Mechanical 

Experiment 

IV-A Cold Welding i n  I n t e g r a t e d  Space 

IV-B Subl imat ion  of Materials i n  Space 

i v - 2  'rieceorcid A r m o r  T e s i  

Envi r  onnent I 

--- 

V Telecommunications V-A Laser  Expt r  irnent* 

V I  O p t i c a l  V I - A  T r a n s z i t t a n c e  Tes t  

V I 1  Suppor t ing  Science VII-A 

V I I - B  

VII-c 

V I I - D  

VI I -E  

VII-F 

VII-G 

V I I - H  

so 1 ar !'1 t r av i o l e  t 

S o l a r  L p a n  Alphas 

? r o t  on-Elsc t r o n  

Solar  Gamma Ray 

S o l a r  X-Ray 

Pli c r ome t e or o i d  s Pr e s s u r  e 
Magnetic F i e l d  

Local P r e s s u r e  

-L 

GE F i n a l  Report  



d .  5 RxT)?F ~ p : ' T A ' 7 ~ \ ~  <PAi:ECg-AFT 

S e ve r a  1 gr  imp i n g  s c f ex per  ilneii t s were c once p t ua 1 l y  p l a c  e 1 rn  t l  .e 

8 s p a c e c r a f t  a s  b e i n g  r e p r e s e n t a t i v e  of t h e  f l e x i b i l i t y  of t h e  s p a c e c r a f t .  

These r e p r e s e n t a t i v e  s p a c e c r r f t  3re d i s c u s s e d  i n  Volurte IY. 
A t y p i c a l  paylosd i s  i l l u s t r n t e j  i n  F iG.  5 ,  and c o n s i s t s  e . i t i r e l y  

of cnS inee r ing  exper i r ien t  s i n  the  po\<,cr t e c h n o l c r y  d i s c i p l i n e  arid 

suppor t  Lng scieiiLe. Conceptua l  l a y c u t s  cf t h e  secondary t:eplc:.-erI p,:i-c Is 

or' t:,e s p a c e c r a f t  and t i T e  e x p t r i :  e x t  e q u i p r e n t  bays  a r e  s11 -.:n IT.  s .  0 

and 7 .  

A surmary of t h e  \ :e ight ,  pcwer and d a t a  r e q u i r e , . e n t s  f o r  t 5 e  exper i -  

n e n t s  chosen on payload N o .  1 i s  g iven  i n  T a b l e  X .  

Payload Xo. 1 i s  o n l y  one of a l a r g e  nunber of p o s s i b l e  payloads .  

It i l l u s t r a t e s  several  p o i n t s  which a p p l y  t o  a l l  payloads  i n v e s t i g a t e d :  

1. The s p a c e c r a f t  can c o n t a i n  a lar,:e nunber  of e x p e r i x e n t s  

vh ich  can  be r e l a t i v e l y  coriplex.  

2 .  The a v a i l a b l e  da t a -hand l ing  c a p a b i l i t y  i s  ccns i3e rab ly '  .rester 
t h a n  requi red .  

3 .  A 1 1  of  t?ie e x p e r i r e - l t s  can  be ?csigned c r  p l a t e d  in s;ch T. 

r-&inner t h a t  tile p r i r  e so l a r - t l i e rmion ic  c x p e r i x e n t  o f f e r s  no 

i n t e r f e r e n c e ,  

33  
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